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METHOD OF CONSTRUCTING LARGE TOWERS FOR WIND TURBINES 



5 FIELD OF THE INVENTION 

The invention relates to large size windmill towers of single-walled steel tower 
sections, each being comprised of prefabricated shell segments 

10 For many years it has been common practice to build steel tower sections 
separately in a workshop facility and then to move each complete section to the site, 
where the windmill installation is to be performed. The tower sections would typically 
have a cylindrical or slightly tapered shape, and each of the sections could in turn be 
divided along axial lines into an adequate number of shells. 

15 

Due to the ever-increasing demand for larger capacity windmills and consequently 
larger dimensions of all parts needed to build such mills, a physical limit imposed by 
the infrastructure, e.g. the clearance beneath a bridge or in a tunnel, is reached. 

20 Accordingly, the idea of subdividing tower structures in order to ease the 
transportation thereof would be an obvious solution to suggest. 

PRIOR ART 

25 

The published DE 198 32 921 describes a tower structure especially for a windmill, 
having a bottom diameter larger than 6 m, which tower comprises inner and outer 
shell segments of steel to be mounted on site, whereupon concrete is deposited in 
the space between the inner and outer shells in order to establish the necessary 
30 strength to withstand the impact from wind pressure and the mill head. 

In the prior art tower it is claimed that the inner and outer shells cooperate with the 
core of concrete in providing the required load-bearing capacity. 
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Moreover, each of the shell segments Is provided with vertical and horizontal angle 
edges having a number of throughholes for interconnecting the segments by means 
of e.g. bolts. This serves the purpose of providing some horizontal stiffness needed 
for the shell segments to be used as shutter walls. 

5 

The wind load increases as the square of the wind speed and consequently, the 
higher the mill towers are, the stronger should the structure be dimensioned, which 
in turn means that either the wall thickness should be increased or the diameter. 

10 Defining the optimal diameter based on load-carrying capacity, stiffness and natural 
frequencies, the diameters of larger tower structures would exceed allowed 
transportation limitations in terms of vertical and horizontal size. The reasons for 
requiring larger diameters are to be found in that strength and stiffness increase with 
the thickness of the steel plate by the power of one, while in relation to the diameter 

15 they increase by a power of two and a power of three, respectively. The 
mathematical explanation, wherein D represents the mean diameter and t is the 
thickness, being that the load-bearing capacity corresponds to the moment of 
resistance, 
Q = (tt/4) x D 2 x t, 

20 while the stiffness (or deflection) corresponds to the moment of inertia, 
I = (tt/8) x D 3 x t. 

So, it is more advantageous to increase the tower diameter than the plate thickness. 

Increased thickness would mean higher material costs and a requirement for 
25 heavier transportation vehicles, be it trucks, trains, ships or helicopters, while 
diameters need to be small enough to allow for vehicle heights not exceeding 
typically 4,20 m in order to pass under bridges and through tunnels. 

In order to compromise and take advantage of increased diameters, the too wide 
30 sections need to be split along vertical lines, so the shells can be laid down 
lengthwise with a load height suitable for transportation. 

However, such solution has the disadvantage of claiming a larger amount of manual 
work on inappropriate places and maybe adding supporting structures to the 
35 subparts, which is the reason why this has not been considered a profitable solution. 
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DISCLOSURE OF The INVENTION 

It is an object of the invention to provide for a large diameter tower structure for a 
5 windmill maintaining or lowering the all-inclusive costs of a structure as installed, 
and which tower allows for transportation abiding by the typical logistic limitations. 

Another object of the invention is to provide a method of preparing the building 
elements of a tower and transporting same on a huge trailer after a truck,, on a barge 
10 after a ship or transport via airborne carriers 
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SUMMARY OF THE IMVFMTIOM 

According to the invention, one these objects is achieved by a steel tower for a 
windmill, comprising a number of cylindrical or tapered tower sections, at least the 
wider sections being subdivided into two or more elongated shell segments, which 
combine into a complete tower section by means of vertical flanges tightened 
together e.g. by bolts, said shells being also provided with upper and lower 
horizontal flanges, respectively, to allow interconnection of tower sections one on 
top of the other. 



Moreover, another advantage of the invention is achieved by a method of building a 
large size, cylindrical or tapered tower for a windmill, of single-walled steel tower 
sections from prefabricated shell segments, whereby at least the wider sections are 
divided into segments along vertical lines and interconnected by flanges provided 
along the edges thereof, comprising the steps of: 

a) providing two or more tower shell segments from a rolled steel plate having the 
required radius of curvature, said shells forming in unison a complete 

30 circumferential tower section, 

b) providing each shell segment with vertical and horizontal connecting flanges 
along free edges thereof, 

c) mounting one or more shell segments on a transportation carriage, 

d) transporting said supported segments to the building site, 
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e) mounting the shell segments together along their vertical flanges to provide a 
tower section by connecting means, e.g. bolts, 

f) mounting tower sections on top of each other by connecting them along their 
opposing horizontal flanges by connecting means, e.g. bolts. 

In an advantageous embodiment of the method, the rolled steel plate constituting a 
360* shell is being welded together to form a cylindrical or tapered tower section, 
whereupon said section is cut into the number of elongated shell segments required. 

In another advantageous embodiment of the method and previous to step a), a 
number of rolled elongated shell segments are being welded together along their 
abutting horizontal edges to establish larger lengths of tower shell segments. 

Furthermore, the method will preferably include the flanges in step b) being welded 
in a position pointing towards the center of the tower. This leaves a smooth outer 
surface of the tower. 

The vertical flanges are preferably being welded in such distance from the edge of 
the respective shell that a spacer bar could be sandwiched between the flanges as 
they are tightened together. A vertical joint visible after interconnecting two 
neighbour shells via a spacer bar is preferably being covered by inserting a filler 
material and/or a filler element. 



In a preferred method according to the invention, interconnection of horizontal 
flanges is performed after offsetting the vertical division lines of neighbour tower 
sections. Also fitting out each shell with necessary ladders etc. should preferably be 
performed before transportation to the site, thereby reducing on-site work as much 
as possible. 



Finally, all parts of the tower structure is preferably being surface treated in the 
workshop before transportation in order to make the best resistance against the 
aggressive environmental conditions that often prevail at windmill sites. 

A preferred embodiment of the tower shows that at least one of the tower sections is 
being divided into three segments of essentially equal arc length, i.e. 120° each. 
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In order to provide a satisfactory and practical length of shell segment to be 
transported, such segment could advantageously be comprised of at least two 
lengths of segments welded together along their abutting horizontal edges and 
5 being fitted with horizontal flanges along the uppermost and lowermost free edges 
sa,d flanges being provided with a number of throughholes for interconnecting bolts. 

In an improved embodiment of the invention, the vertical flanges are welded onto 
the shell segments offset from the corresponding edges by a distance leaving a 

10 space between opposing surfaces of flanges for a spacer bar sandwiched between 
them, as flanges are bolted together, which will allow a strong and secure 
connection. Said spacer bar could be provided with throughholes matching the holes 
m the flanges, and preferably each hole in the spacer bar would have a notch 
extending from the edge of the bar into the hole and wide enough to allow lateral 

15 sliding over a bolt. 

A smooth outer surface of the tower is achieved if the vertical and/or horizontal joints 
between segments and sections, respectively, are being covered by inserting a filler 
material and/or a filler element. 



20 



A time-saving aspect of operating with shell segments is that they can conveniently 
be provided with fitting out in the form of e.g. ladder sections and cable fixtures 
before being transported to the building site. 

25 The transportation would preferably be provided by land haulage with a truck having 
a suitable "trailer" or carriage on wheels, e.g. in the form of a support frame with a 
number of supports carrying a shell segment length ready for transportation. Also 
other forms of supporting frames placed onboard trains or ships could be considered 
for transportation. With a helicopter, the shell segment might be lifted directly by the 

30 ends thereof and transported to the site. 

The tower according to the invention and the method described to build such tower 
are offering remarkably economical savings in terms of present and future large 
diameter towers requested by the wind energy sector, and the towers are 
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immediately operable as they could be fitted out with all installations before leaving 
the workshop, so they only need to be connected on site. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An example of an advantageous embodiment of the tower and the method 
according to the invention is being described below with reference to the 
accompanying drawings, in which: 



Figure 1 is an elevated side view of one out of three shell segments of a windmill 
tower section according to the invention, and consisting of several lengths of shells 
welded together one after the other, 

Figure 2 is a perspective view of a tower section consisting of three segments bolted 
together in lateral direction, 

Figure 3 is a detailed view of a vertical flange connection inside the tower section, 
extending perpendicular to the plane of the drawing, 

Figure 4 is a detailed view of horizontal and vertical flanges, respectively, encircled 
in Figure 2, 

Figure 5 is a cross sectional view showing a tower section comprised of three shell 
20 segments, and 

Figure 6 is a shell segment ready for haulage by a truck. 
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DETAILED DESCRIPTION OF THE INVFMTinM 



A shell segment of a windmill tower built according to the invention is shown in 
Figure 1 and further details are shown in Figures 2-5. The tower comprises a 
number of shell segments 1 of rolled steel plates, which bolted together side-by-side 
make up complete circumferential tower sections 2 (see Figures 2 and 5), said 
sections being secured one on top of another by bolts (see Figures 3 and 4). In 
Figure 2, a segment 3 shows several lengths 3 of shell welded together along 
abutting upper and lower edges. Each top and bottom edge of a combined length of 
shell segments 3 are provided with a plane flange 4 extending inwardly and carrying 
a large number of throughholes 5 to receive corresponding bolts for tightening 
35 sections securely together. 
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Plane vertical flanges 6 provided with a large number of throughholes 7 are welded 
in such distance from the edge of the respective shell that an elongated spacer bar 
9 could be sandwiched between the vertical flanges 6, as they are tightened 
5 together by means of bolts 10. 

On the outside of the tower, vertical joints 1 1 are visible until the joint is filled with a 
filler material and/or a filler element 12. 

10 In a similar manner, the horizontal joints between sections could be made invisible. 

In a practical embodiment of the method according to the invention, a tower shell 
segment is equipped with e.g. a ladder section or cable fixtures before being 
transported to the building site. Such transportation being carried out by placing a 
15 shell segment on supports 1, which in turn are placed on a supporting frame or 
structure 13, preferably being moveable by means of wheels 15 (Figure 6) and a 
truck (not shown). 

It is obvious that the number of shell segments, into which a section is divided, can 
20 be determined considering the limitations imposed by the infrastructure; meaning 
low bridges, narrow tunnels, etc. 

Further, the choice of connection means is in no way restricted to being bolts and 
nuts, but they are common and suitable means, especially also in order to take 
25 advantage of the prefabricated surface treatment, which should be kept intact. 



